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(54) Non-aqueous lithium ion secondary battery 

(57) In a non-aqueous lithium ion secondary battery 
comprising a positive electrode and a negative elec- 
trode which are capable of reciprocally receiving and 
releasing lithium ions, a non-aqueous electrolyte solu- 
tion containing a lithium salt in a non-aqueous solvent 
and a separator in a sealed case, the negative electrode 
comprises an amorphous calcogen compound or an 
amorphous metal oxide, and the non-aqueous electro- 
lyte solution further contains at least one amine com- 
pound selected from the group consisting of a carbazole 
compound, a phenothiazine compound, a phenoxazine 
compound, an acridine compound, a dibenzoazepine 
compound and a phenazine compound. If the non- 
aqueous solvent comprises a non-cyclic carbonate 
compound and a cyclic carbonate compound, the amine 
compound can be a triarylamine. 
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Description 

FIELD OF THE INVENTION 

This invention relates to a non-aqueous lithium ion secondary battery and, in particular, relates to a non-aqueous 
lithium ion secondary battery which shows improved charge-discharge cycle characteristics. 

BACKGROUN D OF THE INVENTION 

As a material of negative electrode of a non-aqueous lithium secondary battery, a lithium metal or lithium alloy has 
been generally employed. The lithium metal or lithium alloy, however, has a disadvantageous feature in that a lithium 
metal deposits on the electrode in the branched or tree-like form to give dendrite and produces an internal short circuit 
or easily ignites due to extremely high activity of the deposited dendrite. 

In order to obviate such troubles, a fired carbonaceous material which can reciprocally receive and release lithium 
ions was developed and has been employed in practice for preparing a negative electrode. This material has a disad- 
vantageous small density and therefore it only gives a relatively low capacity. Further, since the fired carbonaceous 
material per se has electroconductivity, a lithium metal may deposition the carbonaceous negative electrode in the 
course of over-charging or rapid charging. 

EP-A-615,296 and Japanese Patent Provisional Publications No. H5-174818. No. H6-60867, No. H6-275267. No. 
H6-325765 and No. H6-338324 disclose that a non-aqueous lithium ion secondary battery showing a high capacity and 
giving a discharge potential as high as 3 to 3.6 volts can be prepared by the use of an oxide of Sn, V, Si, B or Zr or an 
oxide of a combination of these metals as the electrode forming-material. In more detail, the negative electrode com- 
prising the oxide of Sn, V, Si. B or Zr, or the oxide of combination of these metals can give a non-aqueous secondary 
battery which has a discharge potential as high as 3 to 3.6 volts and a large discharge capacity, and produces almost 
no dendrite under the practically confronting conditions resulting in enhancement of safety. 

Journal of Power Sources, 39(1 992), 1 63-1 78, discloses that highly stable solutions of 1 ,3-dioxolane with LiCI0 4 or 
LiAsF 6 preferably employable for secondary lithium batteries may be prepared by the use of tertiary amine derivatives 
such as trialkylamines such as triethylamine, tripropylamine, tributylamine and trioctylamine and triarylamines such as 
tribenzylamine, triphenylamine. trimethylpiperidine and trimethylmorpholine. 

Japanese Patent Provisional Publication No. H6-333598 discloses that a lithium secondary battery which employs 
an electrolyte solution containing a trialkylamine or a triarylamine shows good charge-discharge cycle characteristics. 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention to provide a non-aqueous lithium ion secondary battery which gives 
a large discharge capacity as well as good charge-discharge cycle characteristics. 

It is another object of the invention to provide a non-aqueous lithium ion secondary battery which gives a large dis- 
charge capacity, good charge-discharge cycle characteristics, and further a high discharge potential 

In one aspect, the present invention resides in a non-aqueous lithium ion secondary battery comprising a positive 
electrode and a negative electrode which are capable of reciprocally receiving and releasing lithium ions, a non-aque- 
ous electrolyte solution containing a lithium salt in a non-aqueous solvent and a separator in a sealed case, wherein the 
non-aqueous electrolyte solution further contains at least one amine compound selected from the group consisting of 
a carbazole compound, a phenothiazine compound, a phenoxazine compound, an acridine compound, a diben- 
zoazepine compound and a phenazine compound in an amount of more than 0.0001 mole/L but not more than 0 1 
mole/L. 

In another aspect, the present invention resides in a non-aqueous lithium ion secondary battery comprising a pos- 
itive electrode and a negative electrode which are capable of reciprocally receiving and releasing lithium ions, a non- 
aqueous electrolyte solution containing a lithium salt in a non-aqueous solvent and a separator in a sealed case, 
wherein the non-aqueous electrolyte solution further contains at least one triarylamine compound in an amount of more 
than 0.0001 mole/L but not more than 0.1 mole/L and the non-aqueous solvent comprises a non-cyclic carbonate com- 
pound and a cyclic carbonate compound in a weight ratio of 1/9 to 9/1 . 

In the non-aqueous lithium ion secondary battery of the invention, the negative electrode preferably comprises an 
amorphous calcogen compound or metal oxide comprising one or more atoms selected from those belonging to 
Groups 1, 2, 13, 14 and 15 of Periodic Table. 

BRIEF DES CRIPTION OF THE DRAWINGS 

Figure is a schematic section of a representative lithium ion secondary battery according to the invention. 
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PREFERRED EMBODIMENTS OF THE INVENTION 

The attached Figure illustrates the constitution of one of non-aqueous lithium ion secondary battery of cylinder 
type. In the Figure, 1 denotes a gasket made of polypropylene resin; 2 denotes a container of battery (i.e., battery can 
5 or case which also serves as the terminal of negative electrode) ; 3 denotes a separator ; 4 denotes a negative electrode 
• sheet; 5 denotes a positive electrode sheet; 6 denotes a non-aqueous electrolyte solution; 7 denotes an explosion pre- 
ventive safety valve; 8 denotes a cap (i.e., battery cap which also serves as the terminal of positive electrode); 9 
denotes a PCT element; 10 denotes an internal cap; and 10 denotes a ring. 

The non-aqueous lithium ion secondary battery of the invention can be manufactured to give secondary batteries 
io of various types such as cylinder, coin, button, sheet, and square. 

In one aspect, the present invention is characteristic in that the non-aqueous electrolyte solution of a non-aqueous 
lithium ion secondary battery contains at least one amine compound selected from the group consisting of a carbazole 
compound, a phenothiazine compound, a phenoxazine compound, an acridine compound, a dibenzoazepine com- 
pound and a phenazine compound. The carbazole compound, the phenothiazine compound, the phenoxazine com- 
15 pound, the acridine compound, the dibenzoazepine compound and the phenazine compound are preferably 
represented by the following formulas (1), (2), (3), (4), (5) and (6), respectively 

Formula (1) for Carbazole Compound 



25 




30 Formula (2) for Phenothiazine compound 



35 




Formula (3) for Phenoxazine Compound 



45 




Formula (4) for Acridine compound 
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(R 3 )n 
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Formula (5) for Dibenzoazepine Compound 




(R 3 >n 



or 



25 



30 




<R 3 )n 
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Formula (6) for Phenazine Compound 




50 



55 



In each of the formulas (1) to (6), R 1 represents an aryl or aralkyl group; each of R 2 and R 3 independently repre- 
sents an alkyl, aralkyl, aryl or alkoxy group; each of m and n independently represents an integer of 0 to 4. 

In more detail, R 1 preferably represents an aryl group having 6 to 14 carbon atoms such as phenyl, naphthyl or 
anthryl or an aralkyl group having 7 to 1 6 carbon atoms such as benzyl, phenylethyl or naphtylmethyl. The aryl or aralkyl 
group may have one or more substituents such as unsubstituted or substituted alkyl groups (e.g., methyl, ethyl, n-pro- 
pyl, isopropyl, n-butyl, pentyl, hexyl, heptyl, octyl, nonyl, 2-chloroethyl, 3-methoxyethyl, methoxyethoxy ethyl, 2-hydrox- 
yethyl, 3-hydroxypropyl, and trifluoromethyl), cycloalkyl groups (e.g., cyclopentyl, cyclohexyl and cycloheptyl), alkoxy 
groups (e.g.. methoxy, ethoxy, n-propoxy and n-butoxy), alkenyl groups, alkynyl groups, aralkyl groups, aryl groups, hal- 
ogen atoms, cyano group, nitro group, hydroxyl group, formyl group, aryloxy groups, alkylthio groups, arylthio groups, 
acyloxy groups, sulfonyloxy groups, amino group, alkylamine groups, arylamino groups, carbondiamido group, sulfona- 
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mido group, oxycaibonylamino group, oxysutfonylamino group, ureido group, acyi group, oxycarbonyl group, carbamoyl 
group, sulfonyl group, sulfinyl group, oxysutfinyl group, sulfamoyl group, caibonic acid group or its salt, sulfonic acid 
group or its salt, phosphonic acid or its salt, and heterocyclic groups. 

Examples of the carbazole compounds, phenothiazine compounds and phenoxazine compounds are illustrated 
5 below. The compounds of E-1 to E-44 belong to the caibazole compounds, the compounds of F-1 to F-24 belong to the 
' phenothiazine compounds, and the compounds of G-1 to G-24 belong to the phenoxazine compounds. 
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SO z N(C 2 H 5 ) 2 



G-21 



coo 




G-24 



OCO 



SO3H 




NHSO2CH3 



so 



55 



12 

8NSDOCID: <EP 0827230 A2_l_> 



EP 0 827 230 A2 



phoric acid triester, trimethoxymethane, dioxolane derivatives, sulforane, 3-methyl-2-oxazolidinone, propylene carbon- 
ate derivatives, ethyl ether, and 1,3-propane sultone. These solvents can be employed singly or in combination. The 
carbonate-type solvents are preferred. Particularly preferred is a combination of a cyclic carbonate and a non-cyclic car- 
bonate in a weight ratio of 1/9 to 9/1 . Examples of the cyclic carbonates include ethylene carbonate and propylene car- 
5 bonate. Examples of the non-cyclic carbonates include diethyl carbonate, dimethyl carbonate, and methyl ethyl 
• carbonate. Particularly preferred is a combination of ethylene carbonate and a non-cyclic carbonate. 

Examples of the lithium salts include LiBCI 4 , Li BF 4 , LiPF 6 . LiCF 3 S0 3 , LiCF 3 C0 2 . LiAsF 6 , LiSbF 6 , LiB 10 CI 10 , lower 
aliphatic carboxylic acid lithium salts. LiAICI 4 . LiCI, LiBr, Lil, chloroborane lithium, and lithium tetraphenylborate. The 
' lithium salts can be employed singly or in combination. LiBF 4 and LiPF 6 are preferred. Most preferred is a combination 
io of UBF 4 and LiPF 6 . 

The amount of the aforementioned amine compound incorporated into the non-aqueous solution preferably is in an 
amount of 0.001 to 1 0 weight % (most preferably 0.001 to 5 weight %) based on the amount of the lithium salt. 

If the non-aqueous solvent is a combination of a cyclic carbonate and a non-cyclic carbonate in a weight ratio of 
1/9 to 9/1 , particularly the combination of ethylene carbonate and a non-cyclic carbonate, the amine compound can be 
15 a triarylamine compound. The triarylamine compound is represented by the following formula: 

Ar 1 -N-Ar a 
Ar* 

20 

in which each of Ar 1 , Ar 2 and Ar 3 independently represents an aryl group which may have one or more substituents. 
The aryl group is" used to mean a cyclic group which satisfies the Huckel's (4n+2)rc electrons principle. Examples of the 
aryl groups include aromatic hydrocarbon groups such as phenyl, naphthyl. and anthranyl and aromatic heterocyclic 
25 groups such as furyl, thienyl, pyridyl and indolyl. Examples of the substituents are those described in the above for the 
amine compounds. 

Examples of the triarylamime compounds are illustrated below. 
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Each of the positive electrode and negative electrode can be prepared by coating a positive electrode material and 
a negative electrode material, respectively, on a electric collector. The electrode material comprise a positive electrode 
active material or a negative electrode material and may further contain an electroconductive material, a binder, a dis- 
persant, a filler, an ion conductive agent, a pressurizing agent, and other various additives. 
5 The negative material preferably is in essentially amorphous form when it is placed in the container (i.e., case) of 

*' the battery. The term of "amorphous" used in the specification means a condition which gives a broad scattered band 
having its main peak in the range of 20° to 40° (in terms of 29) in X-ray diffraction using Cu-K a rays. In the scattered 
band, a diffraction line may be present. The diffraction line in the range of 40° to 70° (in term of 20) preferably has a 
* strength as much as 500 times or less (more preferably as much as 1 00 times or less, and moreover as much as 5 times 
10 or less) than the diffraction line in the range of 20° to 40° (in term of 26). Most preferably, there appears no diffraction 
lines representing a crystalline structure. 

In the non-aqueous lithium ion secondary battery of the invention, the negative electrode preferably comprises a 
compound having the formula (1): 

,5 M 1 M 2 pM 4 q M 6 r (D 

in which M 1 and M 2 are different from each other and each represents at least one atom selected from the group con- 
sisting of Si, Ge, Sn, Pb, P, B, Al, and Sb (preferably, Si, Ge, Sn, P, B, or Al; more preferably, Si, Sn, P, B, or Al); M 4 rep- 
resents at least one atom selected from the group consisting of Li, Na, K, Rb, Cs, Mg, Ca, Sr, and Ba (preferably, K f Cs, 

20 Mg, or Ca; more preferably, Cs or Mg); M 6 represents at least one atom selected from the group consisting of O, S, and 
Te (preferably O or S; most preferably, O); each of p and q is a number of 0.001 to 10 (preferably, 0.01 to 5; more pref- 
erably, 0.01 to 2); and r is a number of 1 .00 to 50 (preferably 1 .00 to 26; more preferably 1 .02 to 6). 

There are no specific limitation with respect to valency of M 1 and M 2 . Each may be composed of a metal having a 
single valence or a mixture of metals having plural valences. The ratio of M 2 and M 4 to M 1 can be continuously varied 

25 within 0.001 to 10 molar equivalents per one molar equivalent of M 1 . The amount of M 6 (that is represented by the value 
of V in the formula (1 )) continuously varies according to the variation of the amount of M 2 and M 4 

The "M 1 " of the above-mentioned formula (1) preferably is Sn, particularly divalent Sn. Therefore, the compound of 
the following formula (2) is more preferred. 

so SnM 3 p M 5 q M 7 x (2) 

in which M 3 represents at least one atom selected from the group consisting of Si, Ge, Pb, P, B, and Al (preferably, Si, 
Ge, P. B, or Al; more preferably, Si, P, B, or Al); M 5 represents at least one atom selected from the group consisting of 
Li, Na, K, Rb, Cs, Mg, Ca, Sr, and Ba (preferably, Cs or Mg; most preferably, Mg); M 7 represents at least one atom 
35 selected from the group consisting of O or S (preferably O); each of p and q is a number of 0.001 to 10 (preferably, 0.01 
to 5; more preferably, 0.01 to 1.5; most preferably, 0.7 to 1.5); and r is a number of 1.00 to 50 (preferably 1.00 to 26; 
more preferably 1 .02 to 6). 

The negative electrode material of the formula (1), particularly, of the formula (2) imparts to the resulting non-aque- 
ous lithium ion secondary battery improved charge-discharge cycle characteristics, high discharge voltage, large 
40 capacity, improved safety, and improved large electric current performance. 

Examples of the preferred negative electrode material include the following: 

SnAI 0 4 B 0 5 P 0 5 K 0 1O3 65 , SnAI0.4B0.5P0.5Na0.2O3.?. SnAl 0 .4Bo.3Po.5Rbo.20 3 .4. SnAI0.4B0.5P0.5Cs0.1O3.e5, 

SnAI04B05P05K0.1Ge0.05O3.e5. SnAI0.4B0.5P0.5K0.1Mg0.1Ge0.02O3.83. SnAI 04 Bo.4Po.403.2. SnAI0.3B0.5P0.2O27. 
45 SnAI 0 3B0.5P0.2O2.?. SnAl 0 . 4 B 0 .5Po.3 Ba o.08 M go.0803.26. SnAl 0 .4 B o.4Po.4 B ao.0803,28. SnAl 0 . 4 B 0 .5Po.503.6. 

SnAlo 4 Bo5Po 5Mgo.i0 3 7, SnAI0.5B0.4P0.5Mg0.1F0.2O3.65> SnB 0 ^0.5^0.1 MQ0.1F0.2O3.05. 

SnB 0 5 P 0 5K0 1Mg01F0.2O3.05. SnB0.5P0.5K0.05Mg0.05F0.1O3.03. SnB0.5P0.5K0.05Mg0.1F0.2O3.03. 

SnAI04B0.5P0.5CS0.1Mg0.1F0.2O3.65, SnB0.5P0.5Cs0.05Mg0.05F0.1O3.03. SnB0.5P0.5Mg0.1F0.1O3.05. 

SnB 0 5Po5MgoiFo20 3 , SnB0.5P0.5Mg0.1F0.05O3.?. SnB0.5P0.5Mg0.1F0.14O3.03. SnPBa 0 . 0 8O 3 .58. SnPK0.1O3.55, 
50 SnPK005Mgo.05O3.5s. SnPCso.1O3.55, SnPBa0.08F0.0sO3.54. SnPKo^Mgo.iFo.203.55, SnPK0.05Mg0.05F0.1O3.53. 

SnPCs 0 !Mg 0 ^0 2O3.55, SnPCso.05Mgo.05Fo.1O3. 53. Sn 1 1 AI 0.4Bo.2Po.6 B a0.08 F 0.08°3.54. 

Sn 1 1 Al 0 4 B 0 2P0.eLi0.1K0.1Ba0.1F0.1O3.65, Sn^! AI0.4B0.4P0.4Ba0.0sO3.34. Sn 1 . 1 Al 0 . 4 PCso.o504.23. 

S^ ! Al 0 4PK0 05O4.23. SnL2AI0.5B0.3P0.4Cs0.2O3 5. Sni.2AI0.4B0.2P0.6Ba0.0sO3.68. 

SnV2AI04B02P06Ba0.0sF0.08O3.64. SnL2AI0.4B0.2P0.6Mg0.04Ba0.04O3.68. Sn1.2AI0.4B0.3P0.5Ba0.0sO3.58. 
55 S^ 3 Al 0 3 B 0 3 P 0 4 Na 0 2O3 3. Sn^Alo^Bo^Po^Cao^Os.* Sn^Alo^Bo^Po^Bao^Os.e. Sn! .4^0^*0.204.6. 

Sn n 4 Alo2Ba 0 1PK02O445, Sn^Alo^Bao^PKo^.e. Sni ^Alo^Bao^PKo^Bao^Fo^.g, SnL4AI0.4PK0.3O4.e5. 

Sr^ 5 AI 0 2 PKo 2O4 4l Sn 15 Ai 0 .4PKo.i04.65. SnL5AI0.4PCs0.05O4.63. SnL5AI0.4PCs0.05Mg0.1F0.2O4.63. 

SnSi 0 5 AI 0 iB 0 2 Po iCao. 4 0 3 .i, SnSi0.4AI0.2B0.4O2.?. SnSi 0 .5Alo.2Bo.iPo.iMgo.i0 2 .8. SnSi0.eAI0.2B0.2O2 .8. 



25 
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SnSi a 5AIo. 3 Bo.4Po.2 0 3.55. SnSi0.5AI0.3B0.4P0.5O4.30. SnSio.gAlo.^Po.sOa.as. SnSioeAloiBdPdBaogOgsg, 
; SnSio.eAlo.i Bq.i Po.1Cao.2O2.95. SnSI0.6AI0.4B0.2Mg0.iO35, SnSkeAloj B0.3P0.1O3 05. SnSio eAlo.2Mgo.2O2 7. 
SnSio.eAlo^Cao^Og.y. SnSi0.eAI0.2P0.2O3. SnSio.eB05Po.2O3. SnSio.eAlo.2O2 9. SnS» 0 8 A! 0 sBq^Bq 2P02O3 35, 
SnSio. 8 B 0 502.9, SnSi 08 Bo. 2 02.8. SnSio.sMgo^e, ShSi 08 Cao50 2 .8. SnSio 8 P 0 ^O 3 1 , 
5 Sno.gMno^Bo^Po^Cao.i Rbo.i0 2 . 95( Sno.9Feo. 3 Bo.4Po.4Cao.i Rbo.1O2.95. Sno.3Pbo.2Cao 1P0 9O3 35, 

Sno.3Geo.7Bao.., P0.9O3.35, Sno. 9 Mno. 1 Mg 0 . 1 P0.9O3.35. Sn 0 2 Mno ^Mg^ P0.9O3.35. Sno.7Pbo.3Cao.iPo.9O3 35, 
Sn 0 2Geo. 8 Bao.i P0.9O3.35. 

The above-mentioned complex oxide compound can be produced by firing materials containing the elements to be 
10 incorporated into the finally produced compound. The compound can be produced by a solution method. The firing 
method is generally employed. Therefore, the process for the production of the complex oxide compound is hereinbelow 
described for the firing process. 

An M 1 -containing compound, an M 2 -containing compound, an M 4 -containing compound and, if required, an M 6 - 
containing compound are mixed and fired. 
15 Examples of Sn-containing compounds include SnO, Sn0 2 , Sn 2 0 3 , Sn 3 0 4 , Sn 7 0 13 -H 2 0, Sn 8 Oi 5 , stannous 
hydroxide, stannic oxyhydroxide, stannite, stannous oxalate, stannous phosphate, orthostannic acid, methastannic 
acid, parastannic acid, stannous fluoride, stannic fluoride, stannous chloride, stannic chloride; stannous pyrophos- 
phate, stannic phosphide, stannous sulfide, and stannic sulfide. 

Examples of Si-containing compounds include Si0 2 , SiO, organic silicone compounds such as tetramethylsilane 
20 and tetraethylsilane, alkoxy silane compounds such as tetramethoxysilane and tetraethoxysilane, and hydrosilanes 
such as trichlorohydrosilane. 

Examples of Ge-containing compounds include Ge0 2 , GeO. and alkoxy-germanium compounds such as germa- 
nium tetramethoxide and germanium tetraethoxide. 

Example of Pb-containing compounds include Pb0 2 . PbO, Pb 2 0 3 , Pb 3 0 4 . lead nitrate, lead carbonate, lead for- 
25 mate, lead acetate, lead tetraacetate, lead tartarate, lead diethoxide and lead di(isopropoxide). 

Examples of P-containing compounds include phosphorus pentoxide. phosphorus oxychloride, phosphorus pen- 
tachloride, phosphorus trichloride, phosphorus tribromide, trimethylphosphoric acid, triethylphosphoric acid, tripropyl- 
phosphoric acid, stannous pyrophosphite, and boron phosphate. 

Examples of B-containing compounds include boron oxide (B2O3), boron chloride, boron bromide, boron carbide, 
30 boric acid, trimethyl borate, triethyl borate, tripropyl borate, tributyl borate, boron phosphide, and boron phosphate. 

Examples of Al-containing compounds include aluminum oxides (a-alumina and p-alumina), aluminum silicate, alu- 
minum tri-isopropoxide, aluminum tellurite, aluminum chloride, aluminum boride, aluminum phosphide, aluminum phos- 
phate, aluminum lactate, aluminum borate, aluminum sulfide, and aluminum sulfate. 

Examples of Sb-containing compounds include antimony oxide (Sb 2 0 3 ) and triphenylantimony. 
35 Examples of Mg-contaihing compounds, Ca-containing compounds, Sr-containing compounds and Ba-containing 
compounds include oxides, hydroxides, carbonates, phosphates, sulfates, nitrates, and aluminum complexes of the 
respective metals. 

The negative electrode material can further contain other elements such as transition metal elements (e.g., Sc, Ti, 
V, Cr, Mn, Fe, Co, Ni. Cu. Zn, Y, Zr. Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd), lanthanide metal elements (e.g., Hf, T, W, Re, Os! 
40 lr, Pt. Au, Hg), elements of 17 Group of Periodic Table (e.g., F, CI). The negative electrode material may contain a 
dopant (e.g., Sb-containing compound, In-containing compound, Nb-containing compound) for increasing the electron- 
conductivity. These metals and compounds can be incorporated into the negative electrode compound in an amount of 
not more than 20 molar %. 

The firing is preferably performed at a temperature increase rate of 4 to 2,000°C per minute, more preferably 6 to 
45 2.000°C, most preferably 10 to 2,000°C. The firing temperature preferably is in the range of 250 to 1 ,500°C, more pref- 
erably 350 to 1 ,500°C, most preferably 500 to 1 ,500°C. The firing period preferably is in the range of 0.001 to 1 00 hours, 
more preferably 0.5 to 70 hours, most preferably 1 to 20 hours. The temperature decrease rate preferably is 2 to 107°C 
per minute, more preferably 4 to 1 07°C, particularly preferably 6 to 1 07°C, and most preferably 1 0 to 1 07°C. 

The temperature increase rate described in the specification means a mean temperature increase rate in the range 
50 from the temperature of 50% of the firing temperature (in terms of °C) to the temperature of 80% of the firing tempera- 
ture. The temperature decrease rate described in the specification means a mean temperature decrease rate in the 
range from the temperature of 80% of the firing temperature (in terms of °C) to the temperature of 50% of the firing tem- 
perature. 

The temperature decrease can be performed by keeping the fired product in a firing furnace. Alternatively, the fired 
55 product can be taken out of the furnace and placed in water. Otherwise, ultra-rapid cooling methods such as Gun 
method, Hammer-Anvil method, Slap method, Gas atomizing method, Plasma spray method, Centrifugal rapid-cooling 
method, and Melt drag method (which are described on page 2 1 7 of "Ceramics Processing 1 *: Gihodo Publishing, 1 987) 
can be employed. Also employed are a single roller method and a double roller method (which are described on page 
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1 72 of "New Giass Handbook": Maruzen, 1991). In the case that the fired product melts in the firing process, the molten 
product can be continuously taken out of the furnace, while the starting materials are continuously supplied. The molten 
product is preferably stirred in the firing process. 

The firing process is preferably performed in an inert gaseous atmosphere (oxygen content: not more than 5 vol- 
ume %). more preferably in an inert gas atmosphere containing no oxygen. Examples of the inert gases include nitro- 
gen, argon, helium, krypton and xenon; . . . 

The chemical formula of the fired negative electrode material can be determined by the known .nductive combina- 
tion plasma (ICP) emission spectroanalysis. Othenvise, the formula can be simply determined by reducing the weight 
of the fired product from the weights of the starting materials. 

The valency of Sn can be determined by chemical titration, such as the method described in Physics and Chemistry 
of Glasses Vol 8 No 4 (1967), page 165. The valency also can be determined from a Knight shift observed by Solid 
Nuclear Magnetic Resonance ( 119 Sn-NMR) Spectroscopy for Sn. For instance, metallic Sn (Sn of 0 valence) gives a 
peak at a magnetic field of at approx. 7.000 ppm which is extremely lower than that at Sn(CH 3 ) 4 in a broad measure- 
ment In contrast, SnO (valence: 2) shows its peak around 100 ppm, and Sn0 2 (valence: 4) shows its peak around -600 
ppm. Thus, the knight shift greatly depends on the valency of Sn (i.e., central metal) under the condition in that the same 
ligand is attached. Therefore, the position of the peak observed in 1 19 Sn-NMR spectroscopy can be used for determi- 

" atl The n^gative^lectrode material of the aforementioned formula (1), particularly the formula (2) can be preferably 
employed in a powder having a mean particle size of 0.1 to 60 urn, more preferably of 1 .0 to 30 urn, most preferably 2.0 
to 20 urn. The powdery negative electrode material can be pulverized and/or classif ied to give the desired mean particle 
size A known pulverizing apparatus or classifier such as mortar, ball mill, sand mill, vibrating ball mill, planet ball mill, 
circulating stream jet mill, or sieve can be employed. If desired, the wet pulverization can be carried out in the presence 
of water or an organic solvent such as methanol. The pulverized product is preferably classified to give the desired 
mean particle size. The classif ication can be carried out by any methods under dry or wet conditions, for instance, using 
25 sieve, air classifier, and water classifier. 

Into the negative electrode material, lithium ions can be intercalated before or after the electrode material is incor- 
porated into the battery case. The lithium ions can be intercalated in such an amount as to give a potential substantially 
corresponding to the deposition potential of lithium. For instance, the lithium ions can be intercalated in an amount of 
50 to 700 molar %, preferably 1 00 to 600 molar %. based on the amount of the negative electrode material. The amount 
of releasable lithium ions preferably corresponds to the amount of intercalated lithium ions. The intercalation of lithium 
ions can be performed by electrochemical method, chemical method or thermal method. The electrochemical^method 
and chemical method are preferred. In the electrochemical method, a method in which lithium ions contained in the pos- 
itive electrode active material are electrochemically released and intercalated into the negative electrode material and 
a method in which lithium ions are electrochemically released from lithium metal or lithium metal alloy and intercalated 
into the negative electrode material are both preferred. In the chemical method, the negative electrode material can be 
mixed or brought into contact with lithium metal or reacted with an organic lithium compound such as butyl Mh.um. 

The positive electrode active material preferably comprises a lithium-containing transition metal ox.de. The lithium- 
containing transition metal oxide is preferably prepared by mixing a lithium-containing compound and a transition metal- 
containing compound in which transition metal can be Ti. V, Cr, Mn. Fe, Co. Ni, Mo, or W, in a molar ratio of 0.3/1 to 

40 2.2/1 and firing the mixed compounds. ^. t . ■ » „ 

The lithium-containing transition metal oxide is preferably represented by the formula of Li^Oy in which a least a 
portion of Q is a transition metal such as Co. M. Ni, V, or Fe; x is a number of 0.2 to 1 .2; and y is a number of 1.4 to 3^ 
The remaining portion of Q can be Al. Ga. In. Ge. Sn, Pb. Sb. Bi. Si. P. or B. These additive metal can be incorporated 
in an amount of not more than 30 molar %. . 

Examples of the more preferred lithium-containing transition metal oxide (for the positive electrode active material) 
include Li x Co0 2 . Li x Ni0 2 . Li x Mn0 2 , Li^Ni^O,, Li^o^O,,. U x Co b Fe 1; t,0 2 U x Mn 2 0 4 . ^^ n &f£*\ -J 
which x is a number of 0.7 to 1.2, "a" is a number of 0.1 to 0.9. b is a number of 0.8 to 0.98. c is a numbe of 16 to 1 96. 
and z is a number of 2.01 to 2.3. Examples of the most preferred lithium-containing transition metal oxide include 
Li x Co0 2 . Li x Ni0 2 . Li x Mn0 2 . Li x Co a Ni 1 . a 0 2 , Li x Mn 2 0 4 . and L^Co^O,,. in which x is a number of 0.7 to 1,2 "a" is a 
number of 0.1 to 0.9, b is a number of 0.8 to 0.98, and z is a number of 2.01 to 2.3. In the formulas, the number of x 
means the number before the charging procedure begins. The number of x varies in the charge-discharge cycle. 

Examples of the electroconductive materials are those which are chemically stable in the battery and include nat- 
urally produced graphites such as flake graphite, massive graphite, synthetic graphite, carbon black, acetylene black, 
ketchen black, carbonaceous fibers, powder of metal or metal compounds (e.g.. copper, nickel, aluminum silver, zinc 
oxide titanium oxide, and potassium titanate), metal or metal compound fibers (i.e., electroconductive whisker), and 
polyp'henylene derivatives. These materials can be employed singly or in combination. Particularly preferred are graph- 
ite and carbon black. The amount of the electro-conductive material incorporated into the electrode material generally 
is in the range of 6 to 50 wt.%. preferably 1 to 30 wt.%. When carbon or graphite is employed, its amount preferably is 
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in the range of 6 to 20 wt.%* 

Examples of the binders include polysaccharides, thermoplastic resins, and elastic polymers, such as starch, car- 
boxymethyl cellulose, cellulose, diacetyl cellulose, methylcellulose. hydroxyethylcellulose. hydroxypropylcellulose 
sodium alginate, polyacrylic acid, sodium polyacrylate, polyvinylphenol, polyvinylmethyl ether, polyvinyl alcohol, polyvi- 
nyl pyrrolidone. polyacrylamide, polyhydrQxy(meth)acrylate, styrene-maleic acid copolymer, and other water-soluble 
polymers polyvinyl chloride, polytetrafluoroethylene. polyfluorinated vinylidene. tetrafluoroethylene-hexafluoropropyl- 
ene copolymer, vinylidene fluoride-tetrafluoroethylene-hexaflouropropylene copolymer, polyethylene, polypropylene 
ethylene-propylene-diene terpolymer (EPDM). sulfonated EPDM. polyvinyl acetal resin, methyl (meth)acrylate 2-ethyl- 
hexyl acrylate. and other (meth)acrylate copolymers. (meth)acrylate-acrylonitrile copolymer, polyvinyl ester copolymers 
containing a recurring unit derived from a vinyl ester such, as vinyl acetate, styrene-butadiene rubber, polybutadiene 
neoprene rubber, fluorinated rubber, polyethylene oxide, polyester-polyurethane resin, polyether-polyurethane resin' 
polycarbonate-polyurethane resin, polyester resin, phenol resin, epoxy resin, and other polymers in the form of emul- 
sion (latex) and suspension. Preferred are a latex of polyacrylic acid ester, carboxymethyl cellulose, polytetrafluoroeth- 
ylene. and polyfluorinated vinylidene. These materials can be employed singly or in combination. The amount of the 
binder preferably is in the range of 1 to 30 wt.%, more preferably at 2 to 10 wt%. 

Each of the mixture of the negative electrode material and the mixture at the positive electrode material is prefera- 
bly prepared in an aqueous solution to give a mixture paste. The mixture paste can be prepared by the steps of mixing 
the e lecfrode material with the electro-conductive material; adding a binder (in the form of suspension or emulsion 
(latex) of the resin powder) and water to the resulting mixture; kneading the resulting aqueous mixture; dispersing the 
kneaded m.xture in a mixing or dispersing apparatus such as mixer, homogenizer. desolver. planetary mixer paint 
shaker or sand mill. ' ■ 

Thus prepared electrode mixture paste can be coated on a collector, dried and pressed to give the electrode sheet 
The coating can be performed by various methods, such as. reverse roll method, direct roll method, blade method knife 
method, extrusion method, curtain method, gravure method, bar method, dip method or squeeze method The Wade 
™?>-*? rie , meth ° d and extrusion method preferably employed The coating is preferably performed at a rate of 
0.1 to 100 m/min. The coating method can be appropriately selected in consideration of the liquid property and drying 
easine^ of the mixture paste, to give satisfactory surface conditions to the coated layer. The thickness, length and 
width of the coated layer can be determined depending on the dimensions of electric battery. The coated layer prefer- 
ably has a thickness in the range of 1 to 2.000 urn after the coated layer is dried and pressed 
30 w ""If dryin9 procedure (° r dehydrating procedure) can be performed in the conventional manner. Hot air. vacuum 
infrared rays, far infrared rays, electron beams and dry air are employable singly or in combination. The drying proce- 
dure is preferably earned out at a temperature of 80 to 350°C, more preferably 100 to 250°C. 

The water content in the whole materials preferably is not more than 2,000 ppm. Each of the positive and negative 
electrode materials has a water content of not more than 500 ppm, so that the satisfactory charge-discharge cycle per- 
35 formance can be attained. 

The pressing procedure for the preparation of the electrode sheet can be performed by the conventional pressing 
method particularly the metal mold press method or the calender press method. The pressure is not limitative but gen- 
erally the pressure is in the range of 10 kg/cm 2 to 3 t/cm 2 . The pressing procedure can be preferably carried out at a 
rate of 0.1 to 50 m/sec. and at a temperature of room temperature to 200°C. 

The collector comprises an electro-conductive material which is chemically stable in the battery. Examples of the 
collectors for positive electrode include sheets of stainless steel, nickel, aluminum, titanium, fired carbon and sheet of 
aluminum or stainless steel which is plated with carbon, nickel, titanium or silver. An aluminum foil is preferred for the 
posrbve electrode. Examples of the collectors for negative electrode include sheets of stainless steel, nickel copper 
.T^ f ir6d Cafb0n ' Sheet of or stainles s steel which is plated with carbon, nickel, titanium or silver' 
and Al-Cd alloy. A copper foil is preferred for the negative electrode. The collectors can be oxidized on their surfaces' 
Thecollectors can be made in various forms such as sheet, foil. film, net, punched sheet, porous body and sheet and 
combined fibers (fibrous mass). The thickness of the collector generally is in the range of 5 to 100 urn 

The separator is an electro-insulating thin film having a high ionic permeation rate and an appropriate physical 
strength. For instance, a non-woven sheet, a woven sheet, or a porous film made of an olefinic polymer such as poly- 
propylene or polyethylene, fluorinated polymer, cellulose polymer, polyimide. polyamide, glass fiber, or an alumina fiber 
can be employed. As the material, polypropylene, polyethylene, mixture of polypropylene and polyethylene, mixture of 
polypropylene and polytetrafluoroethylene, and mixture of polyethylene and polytetrafluoroethylene are preferably 
employed. As the form, the porous film is preferred. The pore sizes of the separator preferably is in the range of 0 01 to 
1 urn. The thickness of the separator generally is in the range of 5 to 50 urn. 

For the manufacture of the non-aqueous lithium ion secondary battery, the positive electrode sheet and the nega- 
tive electrode sheet are overlaid via a separator and spirally coiled up. The coiled electrode sheets are then encased in 
a container of battery. The coiled electrode sheets are electrically connected to the container, and the electrolyte solu- 
tion is placed in the container. The container is then sealed, for instance, using a plate having safety valve In order to 
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aiiure the safely of battery more reliably, that is. to prevent production of over current, a fuse element a bimetal ele- 
ment or a PCT element can be used. Independently on or in addition to the provision of safety valve. prov|s.on of shal- 
low cut to the battery container gasket, and/or seal plate can be made so as to assure the safety. The chargmg 
apparatus can be equipped with a circuit to prevent the over charging or over discharging, 
s The battery container can be manufactured using a nickel-plated iron steel plate, a stainless steel plate (e.g.. SUS 

- 304 SUS 304L SUS 304N SUS 316. SUS 316L, SUS 430, and SUS 444) a nickel-plated stainless steel plate based 
on the above-listed stainless steel plate, sheets of aluminum or aluminum alloy, nickel sheet, titanium sheet, or copper 
sheet The container can be in the form of cylinder having a section of true circle, ellipse, oval, square, or rectangular. 

- If the container serves as the negative electrode terminal, the container is preferably made of stainless steel sheet, or 
io sheet of aluminum or aluminum alloy. ^. Mnn :«> n «< 

The electrolyte solution can be introduced into the container in one time. However, the electrolyte solution is pref- 
erably introduced into the container in two or more times. If the electrolyte solution is incorporated in plural times, each 
portion can be the same as or different from each other. For instance, a non-aqueous solvent only or a solution of a 
lithium salt in a non-aqueous solvent can be first introduced into the container, and then a non-aqueous solvent having 
is increased viscosity or a more viscous solution of a lithium salt in a non-aqueous solvent can be introduced. In orcler to 
shorten the period required for the introduction of the electrolyte solution into the container, the inside of the container 
can be made vacuum (preferably 500 to 1 tort, more preferably 400 to 10 torr). The container can be subjected to cen- 
trifugal action or ultrasonic treatment. . . 

The container.and lead plate can be made of electro-conductive metal or its metal alloy. For instance, iron, nickel, 
titanium, chromium, molybdenum, copper, or aluminum or an alloy thereof can be employed. The cap. container 
sheets and lead plates can be welded to each other by the conventional welding method, such as direct current electric 
welding alternating current electric welding, laser welding, or ultrasonic welding. As the sealing agent, the conventional 



20 



~' — ligWsuch as asphalt 6> ftemlxtore can be employed. . , a ., 

The gasket can be made of olefinic polymers, fluorinated polymers, cellulosic polymers, polyim.de, or polyamide. 
25 From the viewpoints of resistance to organic solvents and low water permeability, olefinic polymers, particularly propyl- 
ene type copolymers, more specifically a propylene-ethylene block copolymer, are preferably employed. 

The non-aqueous lithium ion secondary battery of the invention can be covered on its outer surface. The coverage 
can be made using heat shrinkable tube, adhesive tape, metal film, paper sheet, fabric sheet, paint or plastic casing. 
The outer surface of the battery can be colored with heat-sensitive coloring material, at least on its local area, to keep 

30 the record of thermal history in its use. j • „ k«» 

If desired a plural number of the secondary batteries can be arranged in series or in parallel and encased in a bat- 
tery package. The packed battery can be equipped with a positive temperature coefficient resistance e ement, a tem- 
perature fuse, a safety element such as a fuse or an electric current breaker, and a safety circuit (i.e circuit for 
monitoring the voltage, temperature and electric current in each battery and/or a set of batteries, and breaking the cur- 
rent down when it is required). The packed battery can have outer terminals serving as positive and negaWe electrode 
terminals for each battery, temperature sensor terminals for the battery set and each battery and current-detecting ter- 
minals for the battery set. in addition to the positive and negative electrode terminals for the whole battery set. The 
packed battery can further contain a voltage converting circuit (e.g.. DC-DC converter) therein. Each battery can be 
connected to each other with a welded lead plate or using a socket for easy detachment. The packed battery can fur- 
thermore, has a display means for showing the remaining battery capacity, requirement of charging, the number of use. 

The"Uon-aqueous lithium ion secondary battery of the invention can be utilized in various products and device^ 
Examples are video movies, handy video decks equipped with monitor, movie cameras equipped with monitor, compact 
cameras, reflex cameras, lens-equipped films, handy computers, handy word processors, electric pocket notebooks, 
handy phones, cordless phones, electric shavers, electric-powered tools, electric-powered mixers, and motor cars. 
The present invention is further described in the following non-limitative examples. 
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[EXAMPLE 1] 
50 Preparation of Electrode M aterial Mixture Paste 
(1) Positive electrode material mixture paste 
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200 g of LiCoO, (i.e.. positive electrode active material, prepared by placing a mixture of lithium carbonate and tn- 
cobalt tetraoxide in a molar ratio of 3 to 2 in an alumina crucible, calcining the mixture at 750°C for 4 hours in the latmos- 
pheric condition after it was heated to 750°C at a temperature elevation rate of 2«C/min., firing the calcined Product at 
900°C for 8 hours after it was heated to 900°C at a temperature elevation rate of 2°C/min.. and pulverizing the fired 
product- central particle size: 5 urn; electro-conductivity and pH of the dispersion in which 50 g of the pulverized product 
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was di^ersec I in 100 mL of water: 0.6 mS/m and 10.1 ; specific surface area measured by nitrogen adsorption method 
0.42 nT/g) and 10 g of acetylene black were mixed in a homogenizer. To the mixture were successively added 8 g of 
an aqueous dispersion of copolymer of 2-ethylhexyl acrylate and acrylonitrile (binder, solid content: 50 weight %) and 
?° 9 * an a ^ ue ° us carboxymethyl cellulose solution (binder, concentration: 2 weight %). The resulting mixture was 
kneaded and to the kneaded mixture was added 50 g of water. The resulting mixture was then stirred in a homogenizer 
to give the positive electrode material mixture paste. 

(2) Negative electrode material mixture paste 

. . 9 ^ SnGeo. 1 Bo. 5 P 0 . 58 Mg 0 . 1 Ko. 1 03.3 5 (i.e.. negative electrode material, prepared by mixing 6.7 g of tin monox- 
ide. 10 3 g of tin pyrophosphate. 1.7 g of diboron trioxide. 0.7 g of potassium carbonate. 0.4 of magnesium oxide and 
1 .0 g of germanium dioxide under dry conditions, placing the resulting mixture; firing the mixture at 1 100°C for 1 2 hours 
in an argon atmosphere after ft was heated to 1 ,000°C at a temperature elevation rate of 1 5°C/min. in a firing furnace- 
decreasing the temperature of the fired product to room temperature at a rate of 1 0°C/min.; recovering the fired product 
rom the furnace; and pulverizing the recovered product in a jet mill: mean particle size: 4.5 jun. X-ray diffraction spec- 
troscopy using Cu-K a rays indicated that a broad peak was present at 28° in terms of 26 value, and no diffraction peak 
to be assigned to crystalline structure was seen in the region of 40° to 70° in terms of 20 value) and 30 g of an electro- 
conductive material (synthetic graphite) was mixed in a homogenizer. The resulting mixture was further mixed with 50 
g of anaqueous carboxymethyl cellulose solution (binder, concentration: 2 weight %) and 10 g of polyfluorinated vinyli- 
dene (binder). The resulting mixture was then kneaded with 30 g of water, to give the negative electrode material mix- 
tur© psstG. 



Preparation of Flff^ylft fthfftt 
ss ( 1 ) Positive electrode sheet 



The positive electrode material mixture paste obtained above was coated on both surfaces of an aluminum foil col- 

( i°^ eSS: 30 ^ 10 9iVe coated layers (coated amount: 400 a 7 " 1 *) bv whicn the resulting electrode sheet pro- 
vided with the coated layer on each surface had a total thickness of 280 urn after the pressing treatment. The coated 
layers were dried and pressed using a roller press, and the coated foil was cut to give a positive electrode sheet in a 
belt form of the predetermined dimensions. The obtained positive electrode sheet was placed in a dry box (atmosphere- 

th y 7 Sod 9 3 h ° f " 0t hi9h6r tha " ' 5 °° C) heatSd b/ 3 far infrar6d hSater to sufficient| y dehydrate and dry 



35 (2) Negative electrode sheet 



The negative electrode material mixture paste obtained above was coated on both surfaces of a copper foil collec- 
tor (thickness: 20 urn) and processed in the same manner as those employed for the preparation of the positive elec- 
trode sheet, to give a negative electrode sheet having a coated amount of 70 g/m 2 and a total thickness of 90 urn (after 



40 being pressed) 

Preparation of Elartr olyte Solution 



In an argon atmosphere, 65.3 g of diethyl carbonate was placed in 200 cc-volume narrow necked polypropylene 
45 vessel. Into the diethyl carbonate was portionwise added and dissolved 22.2 g of ethylene carbonate, keeping the tem- 
perature lower than 30°C. In the solution were successively and portionwise dissolved 0.4 g of LiBF 4 and 12 1 g of 
L.PF 6 . keeping the temperature lower than 30°C. The resulting electrolyte solution was a colorless clear solution having 

?J P& ;»un r ?T !1 35 -J he Wat6r COntent was 18 ppm < measured ^ Karl Fischer Water Content Measuring Appa 
ratus MKC-2 1 0, ava.lable from Kyoto Electronics Co.. Ltd.). and free acid was 24 ppm (measured by neutralizationtitra- 
50 tion using Bromothimol Blue (indicator) and 0. 1 N aqueous NaOH solution). 

In the electrolyte solution was dissolved the compound(s) set forth in Tables 1 to 7 to give the amine compound- 
containing electrolyte solution having the stated concentration. ~ 

Manufacture of Cylinder Battery 

55 

The positive electrode sheet, a micro-porous polypropylene film separator, the negative electrode sheet and the 
same separator were overlaid in order and spirally coiled to give a coiled composite. The coiled composite was placed 
in a cylinder battery can having a bottom (made of nickel-plated iron, which was to serve as negative electrode termi- 
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" nalj Into the battery can was introduced the amine compound-containing electrolyte solution. On the battery can, a bat- 
tery cover having a positive electrode terminal was placed and fixed to the can via a gasket, to give a cylinder battery. 

Evaluation of Cylinder Battery 

5 

The cylinder battery was charged and discharged under the following conditions: 

electric current density: SmA/cm 2 ; 
" charge-termination voltage: 4.1 V; 

w discharge-termination voltage: 2.8 V; 

to determine the discharge capacity and cycle life. 

In the following tables, the initial capacity is shown in terms of Wh, and the cycle life is shown in terms of a ratio of 
the capacity at the 300 cycles per the initial capacity. The amine compound is indicated by the compound number given 
is in the specification hereinbefore. 



20 



25 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP 0827230A2_I_> 



31 



EPO 827 230 A2 



10 



15 



20 



25 



30 



35 



40 



45 



Sample 
101 
102 
103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 
116 
001 
002 
003 
004 
005 



001c 
801c 
802c 



901s 
902s 



Amine compound 
AO 
A^3 
A-1 
A-3 
A-1 
A-3 
A-1 
A-3 
A-1 
A-3 
A-1 
A-3 
A-1 
A-3 
A-29 
A-30 
None 
A-10 
A-10 
TBA 
DEA 



None 

A-1 

A-10 



A-10 
A-10 



Table 1 
Concent ration(mol/L) 
0.01 
0.01 
0.01 
0.01 
0.01 
0.001 
0.01 
0.05 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0~ 

0.0001 
1.0 
0.01 
0.01 



0 

0.01 
0.01 



0.01 
0.01 



Initial capacity 
1.0 
0.98 
0.97 
0.98 
0.97 
1.0 
0.98 
0.97 
0.99 
0.98 
0.97 
0.98 
0.98 
0.97 
0.98 
0.98 

To" 

1.0 
0.78 
0.95 
0.95 



0.80 
0.82 
0.82 



0.96 
0.96 



Cycle life(%) 
83 
82 
83 
82 
83 
81 
83 
82 
82 
81 
83 
82 
84 
83 
85 
86 
~70~ 
71 
69 
58 
56 



76 
82 
82 
~73~" 
65 



I Si^S^ °01C S01c aL 802 c were prepared 

9CHS and 902s were prepare* uJn fthe S Tj^JZJT"'!! " egative e,ectrode material - Sa "P'es 
the combination of diethyl carbonate a^Z^^T "* respectivel * in - 
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Table 2 





Sample 


Amine compound 


Concentration(mol/L) 


Initial capacity 


Cycle lrfe(%) 


5 


201 


B-1 


0.01 


0.99 


82 




202 


B-3 


0.01 


0.97 


82 




203 


B-4 


0.01 


0.98 


83 


* 

10 


204 


B-5 


0.01 


0.98 


83 


205 


B-7 


0.01 I 


0.97 


82 j 




206 


B-10 


0.001 


1.0 


81 




207 


B-10 


0.01 


0.98 


83 


15 


208 


B-10 


0.05 


0.97 


82 




209 


B-13 


0.01 


0.98 


81 




210 


B-14 


0.01 


0.98 


81 


20 


211 


B-1 5 


I 0.01 


0.97 


83 




212 


B-1 7 


0.01 


0.98 


82 




213 


B-19 


0.01 


0.98 


83 




001 


None 


0 


1.0 


70 


25 


012 


B-10 


0.0001 


1.0 


71 




013 


B-10 


1.0 


0.78 


69 




001 G 


None 


0 


0.80 


76 


30 


811c 


B-1 


0.01 


0.82 


82 




812C 


| B-io 


0.01 


0.82 


82 




Remarks: Si 
a graphite p< 


impies 001c, 81 1c and 812c were prepared in the same manner 
jwder was employed as the negative electrode material. 


as above except 
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Table 4 





oampie 


Aminp comDOund 


Concentration(mol/L) 


Initial capacity 


Cycle life(%) 


5 


4U 1 


E-1 


0.01 


0.99 


83 




/no 

4Ut 




0.01 


0.98 


82 




4Uo 


E-4 


0.01 


0.97 


83 


10 


Af\A 

4U4 




0.01 


0.98 


82 


4UO 


E-7 


0.01 


0.97 


83 




4UO 


E-10 

Civ 


0.001 


1.0 


81 




407 


F-10 


0.01 


0.98 


83 


15 


J AO 

40o 




0.05 


0.97 


82 




inn 
409 


p-1^ 

C" IO 


0.01 


0.99 


82 




410 




0.01 


0.98 


81 


20 


*r 1 1 


E-15 


0.01 


0.97 


83 




A19 
4 1 £. 


E-17 


0.01 


0.98 


82 




413 


P.1Q 


0:01 


0.98 


84 




Aid 
4 1 H 


E-22 


0.01 


0.97 


83 


25 


415 




0.01 


0.99 


86 




41o 


F-9P. 


0.01 


0.99 


86 




4.17 

4 I f 


E-32 


0.01 


0.99 


86 


30 


001 


None 


0 


1.0 


70 






E-10 


0.0001 


1.0 


71 




033 


E-10 


1.0 


0.78 


69 




001c 


None 


0 


0.80 


76 


35 


831c 


E-1 


0.01 


0.82 


82 




832c 


E-10 


0.01 


0.82 


82 


40 


Remarks: Si 
a graphite p 


amples 001 c, 831 c and 832c were prepared in the same manner as above except 
owder was employed as the negative electrode material. 
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15 
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35 



Sample 

loT* 

502 

503 

504 

505 

506 

507 
508 
509 
510 
511 
512 



001 
042 
043 



001c 
841c 
842c 



Amine compound 

"m 

F-4 
F-7 
F-10 
F-10 
F-10 
F-19 
G-1 
G-1 
G-1 
G-3 
G-7 



None 

F-10 

F-10 



None 

F-1 

G-1 



Tables 
Concentration(mol/L) 
0.01 
0.01 
0.01 
0.001 
0.01 
0.05 
0.01 
0.001 
0.01 
0.05 
0.01 
0.01 



0 

0.0001 
1.0 



0 

0.01 
0.01 



Initial capacity 

To 

0.98 
0.97 
0.98 
0.97 
0.97 
0.98 
1.0 
0.99 
0.97 
0.97 
0.98 



1.0 
1.0 
0.78 



0.80 
0.82 
0.82 



Cycle life(%) 
~83 
82 
83 
82 
83 
83 
82 
81 
82 
81 
83 
82 



70 
70 
68 



76 
82 
82 



nr.nh^ 83 ^' 65 °° 1C ' 8410 842c were P re ? ared in th * same manner as above exceot 
graphite powder was employed as the negative electrode material. * 
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Table 6 





Sample 


Amine compound 


Concentration(mol/L) 


Initial capacity 


Cycle life(%) 


5 


601 


A-10 


0.001 










E-10 


0.001 


1.00 


65 




602 


A-10 


0.005 






10 




E-10 


0.005 


1.00 


75 




603 


A-10 


0.01 










E-10 


0.01 


1.01 


69 




604 


A-10 


0.005 






15 




E-7 


0.005 


1.00 


75 




605 


A-10 


0.005 










E-1 


0.005 


1.00 


70 


20 


606 


A-10 


0.005 










E-36 


0.005 


1.00 


74 | 




607 


-A-10 


0.005 










E-40 


0.005 


1.02 


69 


25 


608 


A-7 


0.005 










E-10 


0.005 


1.01 


73 




609 


A-23 


0.005 






30 




E-10 


0.005 


1.01 


74 




610 


A-36 


0.005 










E-10 


0.005 


1.01 


70 




611 


A-37 


0.005 






35 




E-10 


0.005 


1.00 


71 




612 


A-10 


0.005 










E-1 


0.005 


1.00 


68 
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Table 7 


Sample 


Amine compound 


Concentration(mol/L) 


Initial caoacrtv 






701 


A-10 


0.001 










E-10 


0.001 


0.81 


AQ 




702 


A-10 


0.005 






10 




E-10 


0.005 


0.80 


AO 




703 


A-10 


0.01 










E-10 


0.01 


0 80 


DO 


15 


704 


A-10 


0.005 










E-7 


0.005 


0.81 


7Q 
/O 




705 


A-10 


0.005 










E-1 


0.005 


n fii 


DO 


20 


706 


A-10 


0.005 










E-36 


0.005 


n An 
u.ou 


74 




—707 - 


A-10 


0.005 






25 




E-40 


0.005 


o An 

u.ou 


70 




708 


A-7 


0.005 










E-10 


0.005 


n An 

U.OU 


73 




709 


A-23 


0.005 






30 




E-10 


0.005 


n «n 
u.ou 


74 




710 


A-36 


0.005 










E-10 


0.005 | 


0.80 


68 


35 


711 


A-37 


0.005 










E-10 


0.005 


0.81 


68 




712 


A-10 


0.005 










E-1 


0.005 


1.00 


67 



40 



45 



SO 



55 



Remarks: Samples 701 to 712 were prepared in the same manner as above except a graph- 
ite powder was employed as the negative electrode material. 



[EXAMPLE 2] 

the r^i^r 5 ?! mP ' e 1 W6re repeated excepl that 120 of a stri P of 'ithium metal foil was placed on 1 g of 
« JZ^"T , e e ^ Ctr ° de m ! tenal mixtUre layer on 1,16 ne 9 ative electrode sheet, and the metal foil and tne negative 

Almost the same results as in Example 1 were obtained. 



Claims 
1 



rJ^lT° US T '° n secondar y totter y comprising a positive electrode and a negative electrode which are 
capable of reciprocally rece.vmg and releasing lithium ions, a non-aqueous electrolyte solution contaWng a Si"m 

tht m J^uTf ^ 8 S6Parat0r in 3 Sea,6d Wherein the "0"^^ ah^STSiS ™ 

nl^Z ,« T G COttWKl S6leCted from the 9rou P «"**"» of a «*«ole compounds a phe- 
noth.az.ne compound, a phenoxazine compound, an acridine compound, a dibenzoazepine compound an a 
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phenazine compound in an amount of more than 0.0001 mole/L but not more than 0.1 mole/L. 

2 The non-aqueous lithium ion secondary battery of claim 1 . wherein the amine compound is selected from the group 
' consisting of an N-arylcatbazole derivative, an N-arylphenothiazine derivative and an N-arylphenoxazine deriva- 



tive. 



10 



15 



3. The non-aqueous lithium ion secondary battery of claim 1 , wherein the amine compound is contained in the non- 
aqueous electrolyte solution in an amount of 0.001 to 10 % by weight of the lithium salt in the non-aqueous elec- 
trolyte solution. 

4. The non-aqueous lithium ion secondary battery of claim 1, wherein the amine compound is contained in the non- 
aqueous electrolyte solution in an amount of 0.001 to 0.1 mole/L. 

5 The non-aqueous lithium ion secondary battery of claim 1 . wherein the non-aqueous electrolyte solution further 
' contains a triarylamine compound in a molar amount of 1/9 to 9/1 based on the amount of the amine compound. 

6 The non-aqueous lithium ion secondary battery of claim 1 . wherein the non-aqueous solvent comprises a non- 
cyclic carbonate compound and a cyclic caibonate compound in a weight ratio of 1/9 to 9/1. 

20 7 The non-aqueous lithium ion secondary battery of claim 1 . wherein the non-aqueous solvent comprises a non- 
cyclic carbonate compound and ethylene carbonate in a weight ratio of 1/9 to 9/1, 

8. The non-aqueous lithium ion secondary battery of claim 1 . wherein the lithium salt comprises LiBF 4 . LiPF 6 . or a 
combination thereof. 

25 9 The non-aqueous lithium ion secondary battery of claim 1 . wherein the negative electrode comprises an amor- 
phous calcogen compound or metal oxide comprising one or more atoms selected from those belonging to Groups 
1 , 2. 13, 14 and 15 of Periodic Table. 

so 10. The non-aqueous lithium ion secondary battery of claim 1 . wherein the negative electrode comprises a compound 
having the formula (1); 

M 1 M 2 pM 4 q M 6 r 0) 

35 in which M 1 and M 2 are different from each other and each represents at least one atom selected from the group 
consisting of Si Ge Sn, Pb. P, B, Al. and Sb; M 4 represents at least one atom selected from the group consisting 
of Li Na K Rb! Cs, Mg, Ca. Sr, and Ba; M 6 represents at least one atom selected from the group consisting of O. 
S. and Te; each of p and q is a number of 0.001 to 10; and r is a number of 1 .00 to 50. 

40 11 A non-aqueous lithium ion secondary battery comprising a positive electrode and a negative electrode which are 
capable of reciprocally receiving and releasing lithium ions, a non-aqueous electrolyte solution conta,n,ng a lithium 
sart in a non-aqueous solvent and a separator in a sealed case, wherein the non-aqueous electrolyte solution fur- 
ther contains at least one triarylamine compound in an amount of more than 0.0001 mole/L bu not more than 0.1 
mole/L and the non-aqueous solvent comprises a non-cyclic carbonate compound and a cychc carbonate com- 

45 pound in a weight ratio of 1/9 to 9/1. 

1 2 The non-aqueous lithium ion secondary battery of claim 1 1 . wherein the triarylamine compound is contained in the 
non-aqueous electrolyte solution in an amount of 0.001 to 10 % by weight of the lithium salt in the non-aqueous 
electrolyte solution. 

50 1 3. The non-aqueous lithium ion secondary battery of claim 1 1 . wherein the triarylamine compound is contained in the 
non-aqueous electrolyte solution in an amount of 0.001 to 0. 1 mole/L 

14. The non-aqueous lithium ion secondary battery of claim 1 1 , wherein the cyclic carbonate compound is ethylene 
55 carbonate. 

15. The non-aqueous lithium ion secondary battery of claim 11, wherein the lithium salt comprises LiBF 4 , LiPF 6 . or a 
combination thereof. 
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16 * XmUm 'T SeCOndary battery * c,aim 11 - herein the negative electrode comprises an 

M 1 M 2 p M 4 q M 6 r (1) 
SuSki* CsS' S' %JS£?JF r6 T e ? 81 ' eaSt 006 at ° m S6,ected from the 9™P consisting 
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FIGURE 
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